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(57) The present invention to provides a projection 
system for three-dimensional movement of projected 
modulated beam. It comprises a stationary light source, 
a projection lens, an optical path from the light source 
to the projection lens and a light beam modulating ele- 
ment in the optical path. The light modulating element 
moves with the projection lens. The image is generated 
at a location whereafter the modulated beam is not de- 
flected anymore before arriving at the projection lens. 
Therefore there is no rotation of the modulated light 
beam around its own optical axis, independent of the 
direction of projection. 
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Description 

Technical field of the invention 

[0001] The present invention relates to a device for 
the three-dimensional movement of a projected spatially 
light modulated beam, which can independently change 
the beam projection orientation in the azimuth and/or el- 
evational direction without the projected modulated 
beam being rotated about its own optical axis if it is pro- 
jected onto another location. 

[0002] The projection devices of the present invention 

may be used for various illumination and lighting appli- 
cations, in particular to obtain visual effects and for light 
pattern generation and as a gobo. 

Background of the invention 

[0003] Typically, projectors project video or still imag- 
es onto a fixed projection surface, so that the projections 
are bound to certain image positions. These projectors 
are fixed e.g. on a ceiling such that the projected light 
beam is fixed with respect to the projection surface. 
[0004] In show, advertising and simulation applica- 
tions, in stage and theatre lighting, however, a three- 
dimensional movement of the projection beam is often 
desired. 

[0005] Furthermore, in lighting, a spotlight may for ex- 
ample be placed on a person or on a detail in a scene. 
In order to obtain special effects, this spotlight is often 
focussed on a gobo, a small circular aperture with a pat- 
tern on it. Typically, multiple different gobo shapes (pat- 
terns) are obtained by placing the gobos into a cassette 
or the like which is rotated to select between the different 
gobos. The gobos themselves can also be rotated within 
the cassette. 

[0006] Previously, gobos were passive devices. A dig- 
ital gobo is described in US-5, 828,485. In a digital gobo, 
a light valve is used, which can change the pattern on 
the gobo on demand. 

[0007] One application of stage lighting is projection 
of an image for shadowless lighting, or provision of a 
shadowless follow spot, which is lighting of a person 
where no shadow falls behind that person. This is done 
by determining the shape of the performer on stage, e. 
g. by infrared detection, and by identifying its borders. 
These borders are used to define an outline that is slight- 
ly smaller than that of the performer. That outline is sup- 
plied to dynamically variable gobo for modulation of the 
projected light. As the performer continues to move, the 
changing border shape is followed and a new outline is 
defined which is fed to the means for producing a new 
outline spot, used as a new gobo for the light. In order 
to be able to follow the performer on stage, the projector 
must be able project the images in all directions. 
[0008] One way to achieve the goal of projecting im- 
ages all around, is putting a projector on a movable 
mount. For a high performance a heavy projector would 



be required and this would call for a substantial mount 
and powerful motors. It is preferred to use light-weight 
devices and to reduce the power consumption and op- 
erating noise level and to increase reaction speed, such 
5 as the speed of direction changes. Cable connections 
should be flexible and light in weight to reduce loads on 
stage support frames. Furthermore, such a moving de- 
vice is not advisable for bright xenon lamps inside the 
projector, as the light-emitting arc can become unstable 
10 when subjected to rapid accelerations. 

[0009] WO 98/1 8037 describes a method and device 
for the three-dimensional movement of the projection 
beam of a video or graphics projector. The projection 
beam, coming from a light source and guided over and/ 
15 or through an opto-electronic image generator and 
through a projection lens, is deflected by means of at 
least one mirror to be swivelled about two axes, an X- 
axis extending in direction of incidence of the projection 
beam and a transversely extending Y-axis. The projec- 
20 tor is thus fixed, only the mirror rotates. It is the diverging 
image beam coming out of the projection lens which is 
deflected. The rotation of the mirror generates a rotation 
of the projected image, which is compensated for by 
means of an additional rotation of the image carrier (e. 
25 g. the DMD mirrors) in a forced coupling with the swivel 
movement of the mirror. The construction of the device 
is rather complex. 

[0010] US-4, 235,535 describes a projection appara- 
tus for projecting images on a cylindrical screen for pur- 
30 poses of simulating the view from a ship and being in- 
cluded in a ship simulator. Light coming from an image 
producing device is sent through a duct towards a pro- 
jection lens, a stationary mirror and a movable mirror. In 
the duct, a derotation prism such as a dove prism is pro- 
35 vided to make sure that the image as projected in differ- 
ent directions is always upright. Such a derotation prism 
adds to the complexity of the beam deflection assembly 
and furthermore reduces image quality. 
[0011] In US-4, 702, 699 is described a target image 
40 representation system, used e.g. in a target acquisition 
training system. An image carrying beam coming from 
a projector is sent into an image deflection assembly 
comprising a support column and an image deflection 
head rotatable on the column about the vertical axis of 
45 the column. A first reflecting element redirects the image 
carrying beam into a vertical path along the axis of the 
column. A second reflecting element fixedly mounted in 
the deflection head then redirects it back into a horizon- 
tal path. A third reflecting element which is rotatably 
50 mounted in the deflection head for rotation about the ax- 
is of the image carrying beam directed thereto, redirects 
it again into a path at right angles to the horizontal path. 
The beam reflected from this third reflecting element 
passes through a window and projects the image on the 
55 screen. Rotation of the deflection head about the vertical 
axis of the column causes a change in the azimuth of 
the projected image, while the rotation of the reflecting 
element about the horizontal beam axis causes a 
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change in the elevation of the image on the screen. Ro- 
tations of the reflecting elements in producing the de- 
sired azimuth and elevation of the target image give rise 
to rotations of the target image about the beam axis. 
This is solved according to US-4,702,699 by including 
in the projection means an image generating means for 
generating target images which are to be projected by 
the beam and which are oriented to compensate for im- 
age rotation by the image beam deflection assembly. 
[0012] There is also known from WO 94/08425 a light 
projecting apparatus for projection of visual information 
onto viewing surfaces. An optical system attached to the 
final output of a projector varies orientation relative to 
the projector on either single or multiple viewing surfac- 
es. A tiltable and rotatable mirror is provided for moving 
the image, as well as an image rotator assembly in order 
to pre- rotate the image so that it is always projected up- 
right. The image rotator assembly adds to the complex- 
ity of the system. 

Summary of the invention 

[0013] It is an object of the present invention to pro- 
vide an improved projection system for three-dimen- 
sional movement of a projected spatially modulated light 
beam where the light generating projection lamp is not 
subject to high accelerations and therefore does not be- 
come unstable. 

[0014] It is a further object of the present invention to 
provide an improved projection system for three-dimen- 
sional movement of a projected spatially modulated light 
beam where the projected beam is not rotated about the 
beam axis when projecting the beam towards different 
locations. 

[0015] The above objectives may each be accom- 
plished by a projection system for three-dimensional 
movement of a projected spatially modulated light beam 
comprising: a light source, a spatial light modulation unit 
for projecting a spatially modulated light beam and an 
optical path from the light source to the spatial light mod- 
ulation unit. The spatial light modulation unit may in- 
clude a spatial light modulator and a projection lens. The 
spatial light modulator may be a light shaping device, 
especially a digital light shaping device or an image 
forming device, especially a digital image forming de- 
vice. The spatial light modulator generates a spatially 
modulated light beam, either monochromatic, e.g. 
white, or coloured, when light falls in on it from a non- 
image modulated light beam from the light source. The 
spatial light modulator is moved with the projection lens 
as a combined unit by a driving mechanism. As the spa- 
tial modulated light beam is generated at such a location 
that the spatially modulated light beam is not deflected 
anymore before arriving at the projection lens, there is 
no rotation of the shaped light or image beam around 
the axis of the beam, whatever the direction of projec- 
tion, i.e. independent of the direction of projection. The 
spatial light modulator may be any suitable modulator 



such as a light valve, a transmission LCD light valve, a 
reflection LCD light valve, a DMD or similar. 
[0016] The present invention also includes a method 
of projecting a spatially modulated light beam which is 
5 non-rotating with respect to its own optical axis when 
the beam is projected in differing directions, comprising 
the steps of: 

a) generating a spatially unmodulated light beam 
10 from a light source; 

b) projecting the light beam towards a spatial light 
modulation unit along a light path; 

c) forming a spatially modulated beam from the light 
beam using the spatial light modulator unit; 

15 d) projecting the modulated beam; and 

e) moving the projected beam through space by ro- 
tating the spatial light modulator unit with respect to 
the light source. The method may comprise rotating 
the spatial light modulation unit about two orthogo- 
20 nal axes of rotation. Each axis of rotation may lo- 
cally coincide with an optical axis of the light path. 

[0017] These and other features and advantages of 
the present invention will become apparent from the fol- 
25 lowing detailed description, taken in conjunction with the 

accompanying drawings, which illustrate, by way of ex- 
ample, the principles of the invention. 



Fig. 1 is a diagrammatic cross-sectional elevational 
view of an embodiment of a projection system ac- 
cording to the present invention. 
Fig. 2 is a cross-sectional view of a substantially 
sealed chamber enclosing a DMD in a projection 
system according to an embodiment of the present 
invention. 

Description of the preferred embodiments 

[0019] The present invention will be described with 

reference to certain embodiments and drawings but the 
present invention is not limited thereto but only by the 
claims. 

[0020] The projection system 1 of Fig. 1 according to 
an embodiment of the present invention comprises 
three constituent parts: a base member 2, a cradle ele- 
ment 3 and an spatially modulated light beam generat- 
ing housing 4. These three constituent parts are rotata- 
bly assembled such that there are two mutually orthog- 
onal axes of rotation. The cradle element 3 is rotatably 
mounted with respect to the base member 2 around a 
first axis of rotation 5 which passes through the centre 
of the cradle element parallel to the extending direction 
of the arms 14, 17 of the cradle element, and the spa- 
tially modulated light beam generating housing 4 is ro- 
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tatably mounted with respect to the cradle element 3 
around a second axis of rotation 6. The first and second 
axes of rotation are orthogonal to each other. By selec- 
tion of the angular displacement within these two de- 
grees of freedom, a spatially modulated beam such as 
a shaped light beam, e.g. as from a gobo, or an image 
modulated beam, e.g. as from a video, can be projected 
in any desired direction and may also be sweot through 
any angle or along any trajectory provided the light 
beam is not blockes by the base member 2. 
[0021] The base member 2 may be fixed to a wall, a 
ceiling, or another point of suspension such as a stage 
lighting supporting frame. It comprises the heaviest 
parts of the complete system, such as a lamp 7, for ex- 
ample a xenon lamp, a power supply and power cable 
connecting unit 9, and an electronic control unit and sig- 
nal cable connecting unit 8. This base member 2, to- 
gether with the heavy parts, remains in a fixed, station- 
ary position. 

[0022] A light beam generated by the lamp 7 may be 
directed upwards by a reflector 10, e.g. a parabolic re- 
flector around the lamp 7, into the cradle element 3 
which is normally enclosed (shown open in Fig. 1 to dis- 
play the elements within). 

[0023] A set of mirrors 11, 12, 13, guide the light 

through a first arm 14 of the cradle elements. Preferably 
the second mirror 12 is a cold mirror, which reflects the 
visible light, but transmits the infrared light onto a heat 
sink (not represented). That way, less cooling will be 
needed in the spatially modulated light beam generating 
housing 4. 

[0024] The first arm 14 of the cradle element 3 can 
also house a rectangular or cylindrical light pipe 15 and 
one or more relay lenses 16, optic elements used to ef- 
ficiently transfer a light beam from one point to another 
in an optical system, in order to adequately provide light 
to a spatial light modulation unit 18, 19 in the spatially 
modulated light beam generating housing 4. 
[0025] The second arm 17 of the cradle element 3 
may house a part of the electronic control system (not 
represented). In particular, a formatter board can be 
housed here, as close as possible to a spatial light mod- 
ulator element 18 if this is a DMD. Alternatively an LCD 
driver panel can be housed in the second arm 1 7 of the 
cradle element 3, if the element 18 is an LCD. 
[0026] Preferably the weights of the two arms of the 
cradle element 3 are equal, so as to have a smooth 
movement when the cradle element 3 is rotated with re- 
spect to the base member 2 around the first axis of ro- 
tation 5. 

[0027] The spatially modulated light beam generating 

housing 4 houses the spatial light modulator element 1 8, 
such as a light valve element 18, and a projection lens 
19. The light beam coming from the first arm 14 of the 
cradle element 3, which at this point is preferably not 
modulated with an image, enters the spatially modulat- 
ed light beam generating housing 4 through the centre 
of the axis 6 of rotation of the housing 4 about the arms 



1 4 and 1 7. The light beam falls on the light valve element 
1 8 where the image or shaped light beam is formed from 
the incident light beam to produce a spatially modulated 
light beam. The modulated beam is sent to the projec- 

5 tion lens 19 preferably without further reflection from 
which the modulated beam is projected. When the hous- 
ing 4 is in the neutral position in which the direction of 
projection represented by the central axis of the projec- 
tion lens 19 is parallel with the arms 14, 17, the central 

10 axis of the projection lens 19 preferably coincides with 
the axis 5 so that rotation of cradle element 3 about axis 
5 causes pure rotation of the projected modulated 
beam. 

[0028] Through an opening between the second arm 

^5 1 7 of the cradle element 3 and the spatially modulated 
light beam generating housing 4, cables for signal and 
power go to the light valve element 18. 
[0029] The light valve element 1 8 can use any known 
technology, such as e.g. a Digital Light Processor (DLP), 

20 a Digital Micromirror Device (DMD), e.g. as known from 
US 5,061,049, a Liquid Crystal Device (LCD), a Liquid 
Crystal On Silicon (LCOS, reflective LCD's). In Fig. 1 a 
DMD light valve 18 is schematically pictured. This kind 
of light valve element receives the light at an angle of 

25 approximately 20°. Two mirrors 20, 21 can be used be- 
fore the light valve element 18 to provide for this. Pref- 
erably, the incident light beam is a white, preferably cold 
light beam and this light beam is split into at least three 
colours e.g. red, blue and green. These separate col- 

30 cured beams are modulated by respective light valves 
and the three or more images superimposed upon each 
other in a suitable mixing device such as a prism and 
projected as a full colour or monochromatic modulated 
light beam. The spatial light modulator 18 is preferably 

35 a digital device which can receive a representation of a 
digital image or shape and can impress this image or 
shape on the incident light beam. Preferably, the shape 
or image may be changed at will, either by signals which 
are transmitted to the projection systems by cable or 

40 wirelessly, or from pre-stored signals in a memory in the 
control unit. 

[0030] According to a preferred embodiment of the 
present invention, at least a portion of the light valve el- 
ement 18 may be enclosed in a substantially sealed 

45 chamber 30, as described in co-pending European Pat- 
ent Application EP 00203260.5 (herein incorporated by 
reference) as represented in Fig. 2, in order to prevent 
dust and other foreign matter, such as smoke or oil, from 
penetrating to the spatial light modulation element 18 

50 when air is introduced from outside the projection sys- 
tem 1 into the beam generating housing 4 to cool the 
modulated beam generating element 18. An air filter is 
generally placed over the intake opening to capture dust 
and filter the air, but it is still possible for fine particles 

55 to penetrate to the inside of the apparatus. When such 
particles enter the inside of the generating housing 4 
with the outside air, they may adhere to the surface of 
the optical elements of the modulated beam generating 
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element 1 8. When particulate matter thus adheres to an 
LCD, it causes decreased light output. When it adheres 
to a DMD, it may hinder the light output and the uniform- 
ity of colour. With "substantially sealed" is meant that 
the chamber 30 is sealed from the ambient space so 
that no dust particles can enter the substantially sealed 
internal space, but there is no meant difference in pres- 
sure between the internal space of the sealed chamber 
30 and the ambient space. The substantially sealed 
chamber 30 is an atmospheric system, it is not pressure 
sealed. 

[0031] The beam modulating element may comprise 

three DM D's 34 to 36 as well as a set of colour splitting/ 
colour combining prisms 37a and 37b which split the in- 
cident white light into three suitable coloured beams (e. 
g. red, blue, green), direct these beams to three DIVID's 
34-36, combine the three reflected beams from the 
DMD's 34-36 and project them through a window 38 to- 
wards the projection lens. A uniform temperature of the 
beam modulating element 1 8 inside the sealed chamber 
30 is desirable in order to have a good image quality. A 
circulating air current may therefore be created by force, 
by means of a circulation fan (not represented), inside 
this substantially sealed chamber 30, for cooling the 
heat-emitting components of the modulated beam gen- 
erating element 1 8. Preferably means (not represented) 
are furthermore provided for introducing outside air into 
the generating housing 4 and for directing the outside 
air around the outside surface of the walls enclosing the 
substantially sealed chamber 30. A heat exchange ac- 
tion between the circulating air current created inside 
the substantially sealed internal space and the outside 
air flowing around the substantially sealed chamber 30 
is thereby accomplished. Heat sinks 31 , 32, 33 may also 
be provided on the DMDs 34, 35, 36 for cooling these. 
The heat sinks may be cooled by circulated fluid such 
as a liquid or a gas, or by active devices such as a Peltier 
element or a heat pipe. 

[0032] By rotating the cradle element 3 of the projec- 
tion system 1 with respect to the base member 2 about 
axis 5 and by rotating the modulated beam generating 
housing 4 with respect to the cradle element 3 about 
axis 6, the shaped or imaged light beam may be project- 
ed in any direction. As the modulated beam forming el- 
ement 18 and the projection lens 19 are both located in 
the beam generating housing 4, stationary with respect 
to each other, the projected modulated beam is not ro- 
tated around the axis of the projected modulated light 
beam when moving the beam generating housing 4. 
Movement may be provided by suitable motors; e.g. ring 
motors located in an opening 22 in the base element 2, 
and ring motors provided in opening 23 and 24 in the 
arms 14 and 17, respectively. By using ring motors light 
beams may pass through the centre of the motor along 
the axis thereof. The motors may be stepper motors or 
DC-servomotors so that the exact angle of the cradle 3 
and the housing 4 can be controlled as is known to the 
skilled person from the design of robots. Each axis of 



rotation 5, 6 coincides with a local optical axis. This en- 
sures that the design of the projection system 1 is simple 
and elegant, and free of individually moving mirrors. 
[0033] While the invention has been shown and de- 

5 scribed with reference to preferred embodiments, it will 
be understood by those skilled in the art that various 
changes or modifications in form and detail may be 
made without departing from the scope and spirit of this 
invention. For instance, filters and other special effect 

10 devices may be optionally and selectably moveable into 
the light path for projection, such as coloured filter 
wheels, lithos such as litho pattern wheels, an iris, dif- 
ferent projection lenses, beam shapers, effect wheels 
such as variable frost, twinkle wheels, or predefined let- 

15 tering or messages. The projection lens may support re- 
mote focussing and/or remote zooming. A plurality of 
projection lenses may be mounted in a turret which can 
be rotated to bring one of the plurality of projection lens- 
es in front of the input of the spatial light modulator 18. 

20 Strobe lighting devices may also be included. As the 
lamp is in the stationary base member 2, a sophisticated 
lamp control unit may be provided, e.g. allowing energy 
saving features, to provide strobe effects, to replace one 
lamp with an additional lamp automatically if one lamp 

25 breaks. Also multiple spatial light modulators and mul- 
tiple projection lenses may be provided in housing 4. 



Claims 

30 

1. A projection system for three-dimensional move- 
ment of a projected modulated light beam, compris- 
ing a light source, a projection lens, an optical path 
from the light source to the projection lens and a 
35 spatial light modulating element in the optical path, 
and a drive mechanism for moving the spatial light 
modulating element and the projection lens as one 
unit with respect to the light source. 

40 2. A projection system according to claim 1, wherein 
the projection system has two orthogonal axes of 
rotation. 

3. A projection system according to claim 2, wherein 
45 each axis of rotation locally coincides with an optical 

axis of the optical path. 

4. A projection system according to any of the previ- 
ous claims, wherein the spatial light modulating el- 

50 ement is an image forming element. 

5. A projection system according to any of the previ- 
ous claims, wherein the spatial light modulating el- 
ement is a light beam shaping element. 

55 

6. A projection system according to any of the previ- 
ous claims, wherein the spatial light modulating el- 
ement is a digital spatial light modulating element. 
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source to move the projected modulated light beam 
through the space. 

A projection system according to claim 15, wherein 
the projection system has two orthogonal axes of 
rotation. 

A projection system according to claim 1 6, wherein 
each axis of rotation locally coincides with an optical 
axis of the optical path. 

A projection system according to any of claims 15 
to 1 7, wherein the spatial light modulating unit com- 
prises an image forming element. 

A projection system according to any of claims 15 
to 1 8, wherein the spatial light modulating unit com- 
prises a light beam shaping element. 

A projection system according to any of claims 15 
to 1 9, wherein the spatial light modulating unit is a 
digital spatial light modulating unit. 

A projection system according to any of claims 15 
to 20, wherein the spatial light modulating unit com- 
prises a light valve element. 

A projection system according to any of claims 15 
to 21 , wherein the spatial light modulating unit com- 
prises a spatial light modulating element selected 
from one of a DIVID, an LCD, an LCOS, a DLP. 
ing unit; 

d) projecting the modulated beam; and 

e) moving the projected beam through space 

by rotating the spatial light modulating unit with 35 
respect to the light source. 

12. A method according to claim 11, wherein the moving 

step comprises rotating the spatial light modulating 
unit about two orthogonal axes of rotation relative 40 
to the light source. 

13. A method according to claim 12, wherein each axis 
of rotation locally coincides with an optical axis of 

the optical path. 45 

14. The method according to any of claims 11 to 13, 
wherein the forming step comprises one of light 
beam shaping and image forming. 

50 

15. A projection system for three-dimensional move- 
ment of a projected modulated light beam through 
a three-dimensional space, comprising a light 
source, a spatial light modulating unit and an optical 
path from the light source to the spatial light modu- 55 
lating unit, and a drive mechanism for moving the 
spatial light modulating unit and the projection lens 

as one combined unit with respect to the light 



7. A projection system according to any of the previ- 
ous claims, wherein the spatial light modulating el- 
ement is a light valve element. 



16. 



8. A projection system according to any of the previ- 5 
ous claims, wherein the spatial light modulating el- 
ement is selected from one of a DMD, an LCD, an 

LCOS, a DLP. 17. 

9. A projection system according to any of the previ- io 
ous claims, wherein at least a portion of the spatial 

light modulating element is enclosed in a substan- 18. 
tially airtight space. 

10. A projection system according to claim 9, wherein ^5 

a cooling device is provided for the spatial light mod- 1 9. 
ulating element inside the substantially airtight 
space. 

11. A method of projecting a modulated light beam 20 20. 
which is non-rotating with respect to its own optical 

axis as the beam is directed towards different direc- 
tions within a three-dimensional space, comprising 
the steps of: 21. 

25 

a) generating a, unmodulated light beam at a 

light source; 

b) projecting the light beam towards a spatial 22. 
light modulating unit along a light path; 

c) forming a modulated beam from the unmodu- 30 
lated light beam using the spatial light modulat- 
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